Abstract: Dynamic reclamation for subsidence land is a development trend of ecological restoration in the mining area. It emphasizes that treatments should be taken during or before land damage to control the ecological degradation. Because dynamic reclamation is a complex problem, there still exist many challenges that have to be studied for practical application. In this paper, taking subsidence land in the area with high underground water level as an example, according to the requirements of land use and economic development, key techniques for dynamic reclamation are analyzed based on mine subsidence theories. The research proposes a general mode for dynamic reclamation, and provides a method for calculating the control time of soil excavation, and puts forth an optimization thought for land use, then establishes a procedure for soil reconstruction. The results show that dynamic reclamation can reduce the cost and shorten the land waste time, and enhance the sustainable development ability of the mining area.
Introduction
The activities of coal mining have caused massive destruction of farmlands, which has affected the grain production. So, land reclamation has become an urgent task [1] [2] [3] . However, most of methods for land reclamation nowadays just suit for the land that the process of subsidence has been completed, then the damaged land has to be abandoned for a long time of 3-5 years, or even longer [4] [5] [6] . During this period, if no measures were taken to control land degradation, it would not only waste land resources, but also lead to ecological environment deterioration, such as soil erosion, salinization, etc., then increase the difficulty of reclamation in the future. Therefore, dynamic reclamation methods are becoming a hot topic in recent years. It emphasizes that reclamation measures shall be taken during or before the development of subsidence to control the ecological environment degradation [7] [8] [9] [10] . expounded the necessity and feasibility of concurrent of reclamation and coal mining [3] ; Wu et al. (2014) discussed strategy of topsoil stripped method while mining in the high groundwater level area based on GIS [6] ; Zhao (2008) presented a general technical model for dynamic reclamation, and studied the reclamation time for high groundwater level in coal mining area [7] . Zhang et al. (2004) considered that the dynamic reclamation was the process that treatment of surface subsidence should be done before the ground was submerged in water based on the result of subsidence prediction [11] . Although many researches have been conducted in recent years, dynamic reclamation is a complex system problem, and different condition needs different methods. Especially, when taking into consideration of construction, there still exist many challenges. The purpose of this study is to 1) obtain the control reclamation time when consideration the construction; 2) optimize the land use structure on the condition of soil balance within subsidence area; 3) achieve the goal of concurrent of reclamation and mining.
Study methodology

Mining conditions setting
Mine subsidence is affected by numerous factors and conditions, such as topography, geography, mining method, and so on, in order to facilitate the analysis, the conditions need to be defined beforehand. In this study, the coal seam is horizontal and it is mined with an even speed. Before subsidence, the terrain is flat and land use is farmland. The region belongs to the area with a high groundwater level. The main goals of dynamic reclamation are to control land degradation, reduce land waste time, and serve as a basis for ecological restoration in the mining area.
Dynamic predication for mine subsidence
The process of mining subsidence cannot be completed at once. It usually goes through a long period. According to in-situ monitoring data and relevant research results, This process can be explained with the following function [7] [8] [9] [10] :
Where, W t is the dynamic subsidence value at time t; W 0 is the maximum of subsidence; c and k are time influence parameters.
Key Points for dynamic reclamation
Characteristic of land damage in the mining area with high underground water level
In the region with a high groundwater level, after subsidence, most of the surface are accumulated with water, which is the principal feature of the land destruction in this region. Water area can be divided into two parts. One is the perennial water-accumulated zone where the surface elevation after subsidence is lower than the groundwater level, and another is the seasonal water-accumulated zone where the land became barren due to salinization. The distribution of land damage in subsidence area is illustrated in the Figure 1 . There, line J 1 is the boundary for mining subsidence area; line J 2 is seasonal water-accumulated zone boundary; line J 3 is the perennial water-accumulated zone boundary.
Treatment schemes
In order to realize dynamic reclamation, the subsidence area should be firstly divided into three parts along the Part one: it is on the side of the first-cut line in subsidence area, belonging to the filling area. The surface of this area is above the groundwater level, and is influenced by seasonal water and salinization. The main treatment measures are to fill the lower place through getting the soil from part two, then ensure the normal farming activities.
Part two: it locates in the middle of the subsidence area, can be separated into filling and digging areas according to the relation between groundwater level and subsidence. Center of this part is filled with water because its surface elevation after subsidence is lower than the groundwater level. The main treatment measures are to further dig the deep areas to fill the shallow areas through zone by zone. Then the deep place after dug can be used as fishpond and the shallow place can be used as cultivated land to plant grain.
Part three: it situates on the side of the stop-cut line, belonging to the filling area. The damage feature of this area is like Part one. The principal treatment measures are also to fill the lower place through getting the soil from part two, then ensure normal farming activities.
In general, the treatment scheme can be summarized as the following three aspects: control reclamation timing along the direction of work face advance; further dig the deep to fill the shallow along perpendicular direction; strip the topsoil and reconstruct new soil profile zone by zone.
Key points for dynamic reclamation
Determine the control time of soil excavation
It depends on many factors to determine the best time for soil excavation during subsidence process. In this study, the relation between subsidence and groundwater level is used to analyze the control time for the soil excavation, because it has an important influence on the topsoil resources.
Based on the function of dynamic predication for mine subsidence, the relation between time and subsidence can be explained with following formula.
Where, W t is the temporary subsidence value at time t; W 0 , c and k have the same meaning as before, calculated based on mining condition. W t is the key value for soil excavation, and it can be determined by the following requirements according to construction:
1. Before the surface elevation is lower than the underground water level during the process of subsidence, the topsoil stripping shall be finished. 2. Avoiding working in water, the thickness of topsoil and the depth for further digging shall be taken into consideration.
These requirements can be explained with following formula.
(
Where, W t is the temporary subsidence value at time t; H 0 is surface elevation before subsidence; Hw is the elevation of underground water level; d is the thickness of topsoil; h is the depth of further digging based on the requirement of aquaculture.
Optimize land use structure on the condition of soil balance within subsidence area
In the water-accumulated area, the main treatment is digging the deep to fill the shallow, then the deep area forms ponds for aquaculture and the shallow area becomes farmlands for grain production. The structure of these two types in subsidence area should meet the requirement of soil balance by avoiding damaging more land resources due to occupation or excavation for land reclamation. Before construction, Part two ( Figure 2 ) can be divided into several zones for land reclamation. One typical zone is selected to design the parameters for the ratio of ponds and farmlands.
Considering the condition that the width of work face in coal seam does not reach critical distance, the subsidence shape of zone is symmetrical along the direction of zone profile, so, half of profile is chosen to design the parameters for reclamation ( Figure 3 ): In Figure 3 , h is the depth of further digging based on the requirement of aquaculture. The length of subsidence area in half profile is about L/2. Although the shape of the slope in subsidence area is curved, in order to facilitate the calculation, a line is used to fit the curve of the slope. The gradient i can be calculated based on the depth of subsidence and the length of the zone. Given that the length of further digging along the profile is x, then the length of filling is L/2-x, based on soil balance of digging and filling, the value of x can be calculated with following formula:
It shall be explained that the above parameters are referenced to the value of subsidence in the final stage. During the time of construction, the process of subsidence yet has not been completed, and the subsidence process will continue for some time, which might affect the use of reclamation land. For example, at the time of reclamation, the subsidence stage is like the curve 1 in Figure 4 , which will continue to develop after the construction. If the farmland is leveled at this time, the residual subsidence will lead to a slope on the surface of farmland at the end of subsidence, which will affect crop growth and need further treatment So some measures should be considered to minimize the residual deformation. Here, inverse slope is built to compensate for the future subsidence. Its gradient value is calculated based on the following formula:
Where, is is the gradient of inverse slope in the farmland;
L has the meaning as before.
Ws is residual subsidence value at time t; it can be calculated with the following formula:
Where W t is the temporary subsidence value at time of construction; W 0 is the final value of subsidence in the same place.
With the development of subsidence, the inverse slope will gradually decrease, at the end of subsidence, the surface of farmland will become a flat area (Figure 4 ).
Soil reconstruction procedure based on the process of construction
Soil reconstruction is the core task of land reclamation, and it is the key to determine whether the treatment is successful or not [2, 5] . For dynamic reclamation, its goals must include soil resources protection, in addition to save time and decrease cost of reclamation. Therefore, soil reconstruction is particularly important for dynamic reclamation. According to the theory of soil science, the soil profile of agricultural soil can be divided into topsoil layer, subsoil layer and bottom layer. Previous land reclamation did not pay much attention to this aspect, resulted in disorder of soil structure and low productivity of land. In order to ensure the soil quality after reclamation, the new soil in reclamation should be reconstructed according to the structure type of the local agricultural soil, and the construction process should be designed reasonably, so as to construct a suitable soil structure. Hu has provided a general model for soil reconstruction [5] . Based on his ideas, the soil reconstruction procedure of dynamic reclamation is proposed in this study. An example of two layers for soil reconstruction is shown in the Figure 5 .
In order to facilitate the construction, the work area for dynamic reclamation should be divided into several zones firstly, then the zones should be separated into deep and shallow areas. The work of digging the deep to fill the shallow should be carried out within one zone, and soil reconstruction should be done zone by zone. The detailed procedure for soil reconstruction is shown in the following.
Firstly, the topsoil of zone one should be stripped and preserved in Part one (Figure 5a) . Next, the subsoil of the area for a pond should be excavated to fill the shallow area for farmland (Figure 5b) . Then, the topsoil of the shallow area in zone two should be stripped to cover the area of farmland in zone one, and the topsoil of the deep area in zone two should be stripped and preserved in Part one (Figure 5c ). After that, work of subsoil excavation and filling continued, and so on, the soil of other zones can be constructed as the above procedure. For the last several zones, the topsoil of deep area can be preserved in Part three (Figure 5d ) for the reclamation work for the last zone( Figure 5e ) and this Part (Figure 5f ). The construction process is showed in Figure 5 . Based on the above work procedures, it can realize that the new reconstructed soil has the similar profile structure as local agricultural soil, and the work can be done with the process of mining work face advancing, meeting the requirements of dynamic reclamation. 
Parameters of dynamic reclamation
Based on the above methods, key technical parameters of dynamic reclamation are calculated as following.
Theoretical maximum subsidence
Because the width of work face does not reach the critical extraction value, the theoretical maximum subsidence is calculated with following formula.
Where, Cym is the effective coefficient of strike direction, in this study, its value is 0.6604.
Division of subsidence area
Based on the result of subsidence predication, the length for reclamation along longitudinal direction is 2085 m, and the length along strike direction is 665 m. According to the underground water level, the subsidence area is divided into three parts, the length of Part one and Part three are 285 m, and length of Part two is 1515 m.
Determination for the control time of soil excavation
Based on the requirement of aquaculture, the deep area for the pond needs to be further dug 1.4 m and topsoil thickness is 0.3 m. In order to avoid constructing under water, the critical value for temporary subsidence is W t =1300 mm. Before reaching that value, the soil excavation shall be finished. Given the time of first-cut as 0, when the time is about 104 days (T 1 =104), W t reaches the critical value. At this time, the distance from the work place to first-cut is 312 m.
Calculation for the parameters for land use
Based on the soil balance of excavation and fill, in the half profile, the length for pond is 75 m, and for farmland is 257.5 m. In order to compensate for the effect of residual subsidence, the inverse gradient in the farmland is 1%. According to the construction standard for farmland, the recommended width of the work zone is about 20-30 m.
Results analysis 4.3.1 Time save analysis
For the traditional reclamation, measures are taken until the completion of subsidence. Like the case in this study, it needs 4.3 years to reach surface stabilization. If using the dynamic reclamation method, the work of soil excavation work can end in 104 days after the start of mining. Then the ponds and farmlands can be used continuously. The period of abandonment is reduced by nearly 4 years. So, the dynamic reclamation method can significantly reduce the period of land waste.
Cost reduction analysis
In the mining area with the high groundwater level, if the reclamation was done until the subsidence ended, then, a lot of work would need to be carried out under the water, and the cost increased greatly. According to the budget quota of work, the cost for construction of soil excavation under water would increase by twice.
Discussion
Summary of the results
For the subsidence land in the area with the high underground water level, we set up a general mode for dynamic reclamation, and give a method to determine reclamation time for soil strip, and an optimization thought for land use. According to the theory of soil science, we propose a procedure for soil reconstruction. Then through case analysis, this dynamic reclamation method can reduce the cost and shorten the land waste time.
Explanation of the results
Based on the thought of dynamic reclamation, for the subsidence land in the area with high underground water level, before it sinks below the underground water level during the process of subsidence, the treatment should be done to protect the topsoil. This time for reclamation can be calculated with dynamic predication theory of mining subsidence. For subsidence land in the area of this type, a reasonable proportion of water and farmland use can economize investment and improve the land utilization. The main factor of earth balance is used to determine the ratio. The work procedure of soil reconstruction can ensure that the new soil in reclamation has the similar profile structure as local agricultural soil, and keep the land quality.
Comparison to previous literature and novelty
Dynamic reclamation method for surface mining began relatively early and some techniques have been applied to engineering practice [1] [2] [3] [4] [5] . However, most of the coal resources are exploited with the method underground mining in China at present. Dynamic reclamation for mining subsidence land just begin in recent years [3, 7] . Because the area with high underground water usually belongs to the good quality farmland, and the subsidence can cause the land destroyed seriously, and intensify the contradiction between human and land resources, the reclamation is becoming an urgent task. At present, research of dynamic reclamation mainly focuses on the time of reclamation [5] [6] [7] . Compared with the previous research results, the advantages of this study are that: 1) the construction conditions are considered to determine the reclamation time, then can prevent the underwater topsoil stripping and reduce the construction difficulty; 2) reasonably land use ratio of water and cultivated land in reclamation area can be calculated based on soil balance; 3) soil reconstruction can be carried out according to soil theory to ensure land quality.
Limitations
It should be noted that results of this study are gained under certain conditions. During actual application, conditions may be different, so the reclamation schema shall be modified based on the specific requirements. The core of dynamic reclamation for subsidence land is the mining subsidence prediction theory which is still in developing and there are many work to perfect it. So, dynamic reclamation can develop with improvement of mining subsidence prediction theory. However, the ideas provided in this paper are still useful to guide the future study.
Conclusions
Dynamic reclamation emphasizes that taking measures to reclamation during or before subsidence happens. It can control land degradation, and improve the efficiency of land use.This study focuses on dynamic reclamation techniques for the subsidence land on the requirements of land use and construction. The main results are as following:
(1) The method for determining the control time for soil excavation can be calculated based on the mine subsidence theories and the requirements of construction. (2) The optimization thought for land use in the subsidence area is put forth with the principle of soil balance for reclamation. (3) Soil reconstruction procedure for dynamic reclamation is established according to the treatment process.
(4) A general dynamic reclamation mode is proposed for subsidence land with high underground water level.
There are still a lot of problems need to be further studied according to specific conditions. I hope the research results can provide some help for reclamation development.
